Disc diffusion method
The antimicrobial activity of the EOs was determined by the disc diffusion method (9) . Briefly, 100 µL of a microbial suspension (10 8 CFU/mL of bacteria, 10 6 CFU/mL of yeast and 10 6 fungal spores/mL) were spread on Petri plates containing Mueller Hinton agar and PDA medium, respectively (10, 11) . Sterile paper discs were impregnated with 15 µL of EO and placed on the inoculated agar. Discs without samples were used as a negative control. Doxycycline (30 µg/disc) and econazole (50 µg/disc) were used as positive controls. The plates were kept at room temperature for 30 min before incubation at 37 O C for 24 hours for bacteria and at 30 O C for 48 hours for yeast and 5-7 days for fungi. The antimicrobial activity was assessed by measuring the diameter (mm) of the growth-inhibition zone.
Determination of minimum inhibitory concentration (MIC)
The MIC values were determined by a broth macrodilution method. First, EO emulsion underwent two fold serial dilutions in agar solution (0.2%) (12) . Then, final concentrations ranging from 0.0781 to 10 µL/mL (v/v) were tested against the selected microbial strains.
For bacteria, 0.2 mL of each oil dilution was added into test tubes containing 1.8 mL of bacterial culture in Mueller Hinton broth standardized at 5.10 5 -5.10 7 bacteria/mL. The tubes were incubated at 37 O C for 24 h (13) .
For fungi, 0.1 mL of each oil dilution was added into test tubes containing 0.9 mL of Sabouraud broth inoculated with fungal culture standardized at 1.10 7 cells/mL for yeast and 10 6 spores/mL for fungi (14) . The tubes were incubated at 25 O C for 48 h for yeast and 5-7 days for fungi. The change in turbidity after the incubation period was observed and compared with controls. A test tube containing nutrient broth and inocula but no EO was used as a negative control, while test tubes containing sterile broth and each EO concentration were used as positive controls. Each oil concentration was assayed in triplicate. The lowest one, which did not show any visual growth after macroscopic evaluation, was determined as MIC.
Determination of minimum bactericidal concentration (MBC)
The MBC values were determined by first selecting the test tubes that showed no growth during MIC determination. Then, a loopful from each test tube was subcultured onto Mueller Hinton agar plates. The plates were incubated at 37 O C for 24 h. The experiment was performed in triplicate. The lowest concentration of EO for which no growth was observed on the agar surface was assumed as MBC (12) .
Determination of minimum fungicidal concentration (MFC)
To determine the MFC after reading the corresponding MIC values, 10 µL aliquots from all the test tubes showing no visible growth were removed and subcultured onto Sabouraud agar plates. The plates were then incubated at 25 O C for 48 h for yeast and 5-7 days for fungi (14) . Each assay was performed in triplicate. The lowest concentration of EO for which there was no visible growth was defined as MFC.
Cell lines and cell cultures
Cytotoxic activity of T. vulgaris Eos was tested in murine macrophage (J774E.1) and fibroblast (3T3) cell lines as well as canine cancer cell lines representing osteosarcoma (D-17) and B-cell lymphoma (CLBL-1). The J774E.1 cell line originally isolated from BALB/cN murine ascites was obtained from the American Type Culture Collection (ATCC, Rockville, MD, USA) and kindly provided by the Institute of Immunology and Experimental Therapy, Polish Academy of Sciences, Wroc≥aw, Poland. The 3T3 and D-17 cell lines were obtained from the ATCC, and the CLBL-1 cell line from Barbara C. Reutgen, Institute of Immunology, Department of Pathobiology of the University of Veterinary Medicine in Vienna (15) . All the cell lines were cultured in RPMI-1640 medium (Institute of Immunology and Experimental Therapy, Wroc≥aw, Poland) supplemented with 10% fetal bovine serum (FBS, Sigma, USA), 4mM glutamine (Sigma-Aldrich, Germany), 100 U/mL of penicillin and 100 mg/mL of streptomycin (Sigma-Aldrich, Germany).
Cytotoxic assay
Cytotoxicity was determined by seeding the wells of 96-well plates (TPP, Trasadingen, Switzerland) with 7.5 × 10 3 of J774E.1 and D-17 cells, 4 × 10 3 of 3T3 cells, and 30 × 10 3 of CLBL-1 cells. The investigated EOs were dissolved in DMSO (Sigma-Aldrich, Germany) and then diluted with the culture medium to obtain the final concentrations of 1-150 µg/mL. DMSO concentration for each dilution was below 0.3%. The cells were incubated with different concentrations of essential oils in a humidified 5% CO 2 incubator (MCO-18AIC, Sanyo, Japan). Cell viability was assessed using the MTT test based on the activity of mitochondrial dehydrogenase. After 72 h, 20 µL of 3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma-Aldrich, Germany; 5 mg/mL) was added to each well and the cells were incubated for three hours. MTT is enzymatically reduced in living, metabolically active cells to its metabolite, purple-colored formazan that is measured colorimetrically. The purple formazan was solubilized by the addition of a lysis buffer, consisting of 225 mL of DMF (Sigma-Aldrich, Germany), 67.5 g of SDS (Sigma-Aldrich, Germany) and 275 mL of distilled water. The absorbance was read with a microplate reader (ELx800, BioTek, USA) at 570 nm, with a reference wavelength of 630 nm. The tests were run in triplicate and their results were used to calculate IC 50 for the tested oils.
Statistical analysis
The research data were analyzed statistically using STATISTICA software (version 10.0 MR1 2012 PL, StatSoft, KrakÛw, Poland). One-way ANOVA with Tukeyís post hoc test was used for multiple comparisons between groups. The results were expressed as means and standard error of the mean (SEM). Differences were considered significant at p<0.05.
RESULTS

Chemical analysis of essential oils
The EO yields obtained by hydrodistillation were 2.26% for thyme of Mostaganem (EO.TM) and 3.97% for thyme of Tlemcen (EO.TT), based on the dry weight. The chemical composition of the EO samples analyzed by GC-FID and GC-MS is presented in Table 1 . A total of 51 volatile compounds were identified and they accounted for 99.99% and 100% of EO.TM and EO.TT, respectively. Both oils are a complex mixture of monoterpenes, sesquiterpenes and their oxygenated derivatives. The predominant component is carvacrol (89.15ñ82.42%), while the other constituents make up less than 5.0%, with some of them present at appreciable amounts, like γ-terpinene (0.43ñ4.50%), thymol (0.77ñ2.78%), p-cymene (0.85ñ2.38%), trans-sabinene hydrate (2.34ñ2.09%), and β-caryophyllene (1.36ñ1.87%). 
Antimicrobial activity of essential oils
The antimicrobial activity of T. vulgaris EOs and of standard antibiotics and antifungal agents was assessed by the disc diffusion method. Its results are displayed in Table 2 . Both oils exhibited a strong antimicrobial effect and inhibited the growth of the seven reference strains. The halo diameters varied from 11.33 mm to 59.67 mm. The most sensitive strain was B. cereus ATCC 10876 with the inhibition zone diameter of 50.33 mm (EO.TM) and 59.67 mm (EO.TT), followed closely by C. albicans ATCC 10231 with the inhibition zone diameter 46.67 mm (EO.TM) and 42 mm (EO.TT). P. aeruginosa ATCC 27853 and A. brasiliensis ATCC 16404 were the least sensitive strains, and the fungal strain was particularly resistant to EO.TT.
The positive controls were also active against the tested strains. The highest inhibition zones diameters were recorded at 28.5 mm on E. coli ATCC 25922 for doxycycline and 29 mm on C. albicans ATCC 10231 and A. brasiliensis ATCC 16404 for econazole. It can be seen that the tested oils possess a higher antimicrobial activity compared to the standard drugs, except for P. aeruginosa ATCC 27853 and A. brasiliensis ATCC 16404.
MIC, MBC and MFC values of T. vulgaris EOs, presented in Table 3 , show a strong antimicrobial effect of both samples. For bacteria, it was the most visible for E. coli ATCC 25922 and P. mirabilis ATCC 35659 for EO.TM and B. cereus ATCC 10876 for EO.TT, when both MIC and MBC achieved their lowest value (0.312 µL/mL). For fungi, C. albicans ATCC 10231 was the most sensitive, with MIC of both EOs 0.312 µL/mL, and MFC 0.625 µL/mL and 1.25 µL/mL for EO.TM and EO.TT, respectively. Furthermore, the lowest activ-ity was noticed against P. aeruginosa ATCC 27853 given the high values of MIC (1.25 µL/mL and 5 µL/mL) and MBC (10 µL/mL).
Cytotoxic activity
Cytotoxic activity of T. vulgaris oils was investigated in two normal cell lines: murine macrophages (J774E.1) and fibroblasts (3T3) and two canine cancer cell lines: osteosarcoma (D-17) and B-cell lymphoma (CLBL-1). EO cytotoxicity differed depending on their origin (Table 4 ). EO.TT showed higher activity expressed as lower values of IC 50 as compared with EO.TM. The most sensitive cell line was CLBL-1, in which IC 50 was 35.39 ± 9.0 and 84.51± 3.2 for EO.TT and EO.TM respectively. Contrary to that, the most resistant cell line was 3T3, with IC 50 116.97 ± 2.7 for EO.TT and 146.29 ± 0.5 for EO.TM.
DISCUSSION
A high amount of carvacrol in both isolated essential oils suggests that they belong to carvacrol chemotype. Our findings corroborated those for T. vulgaris from Chlef (Northwestern Algeria), that identified carvacrol as the major component (48.4%) (16) . However, in our previous study in the same plant harvested from the same regions in May 2014, both oils (EO.TM and EO.TT) were predominated by thymol (59.5 and 67.3%, respectively) (17) .
The variations in the chemical composition of thyme EO may be attributed to e.g. plant age, plant part, development stage, growing place, harvesting period or principal chemotype, as they all affect plant biosynthetic pathways and consequently the relative proportion of the main ingredients (18). Concerning the chemotype, T. vulgaris is well known for its chemical polymorphism, seven chemotypes are generally recognized: thymol, carvacrol, geraniol, α-terpineol, thuyanol-4, linalool and 1,8-cineole (19) . Our results of the antimicrobial assay of Algerian thyme essential oils corroborated earlier studies that described the powerful antimicrobial effects of T. vulgaris oil (20) . The reported inhibition zone diameters for E. coli ATCC 25922, P. aeruginosa ATCC 27853 and C. albicans ATCC 10231 were 30.67 mm, 14 mm and 25.74 mm, respectively. They are highly similar to ours regarding the two bacteria, but yeast turned out to be much less sensitive. Another study (20) showed a halo diameter as large as that obtained for our EOs for B. cereus ATCC 10876 (> 45 mm). Furthermore, the susceptibility of Proteus sp. (21) and Aspergillus sp. (22) to thyme oil has also been proven.
Gram-negative strains are known to be more resistant to EOs than Gram-positive ones. This is due to a hydrophilic lipopolysaccharide barrier formed by Gram(+) strains, that restricts diffusion of hydrophobic compounds (23) . This could explain the high sensitivity of B. cereus to thyme oils as compared with the other bacteria.
When MBC/MIC or MFC/MIC ratio of an antimicrobial substance is lower or equal 4, it is considered bactericidal or fungicidal, and when the ratio is above 4, then it is bacteriostatic or fungistatic (24) . The results gathered in Table 3 demonstrate that both investigated EOs exhibited bactericidal and fungicidal activity, except against P. aeruginosa for which EO.TM was bacteriostatic.
Thymus vulgaris EO has been reported to exert potent antimicrobial effects in a wide range of microorganisms (25) and our investigation confirms these findings. This activity was attributed mainly to carvacrol that defines the chemotype of the two EOs, as well as to thymol, p-cymene (24), γ-terpinene (26), β-caryophyllene (27) and transsabinene hydrate (28) , that have been reported to possess antimicrobial properties. A synergistic effect of the minor constituents may also play a role (29) .
Although the mechanisms associated with the antimicrobial activities of EOs are not completely clear (30) , the number of studies in this field is increasing (31) . Carvacrol and thymol seem to make the cell membrane permeable. In Gram-negative bacteria, these compounds may disintegrate the outer membrane, thus releasing lipopolysaccharides and increasing permeability of the cytoplasmic membrane (32) . In addition, they may inactivate Table 3 . Antimicrobial parameters (µL/mL) of Thymus vulgaris essential oil of Mostaganem; EO.TT: Thymus vulgaris essential oil of Tlemcen important enzymes, disturb genetic material functionality, energy production and synthesis of structural components (33) . Fungitoxicity of carvacrol and thymol was also reported. Indeed, they cause alterations in the hyphal morphology and hyphal aggregates, resulting in reduced hyphal diameters and lysis of the hyphal wall, as they interact with the cell membrane of the fungus (34) . p-cymene affects the cell membrane by accumulating in large amounts and expanding the membrane phospholipids, thus increasing spaces through which ion leakage might occur (35) .
The investigated oils showed higher cytotoxic activity towards cancer than normal cell lines, which is a very promising feature of the potential anticancer preparations regarding possible side effects. The cytotoxic activity of T. vulgaris EOs could be attributed to carvacrol. This phenolic component is highly hydrophobic and thus capable of interacting with cell lipids such as the cell membrane or mitochondria. Carvacrol damages membrane integrity and disturbs pH levels as well as homeostasis of inorganic ions which may lead to cell death (36) . EOs containing carvacrol as the major constituent isolated from other plants also show anticancer activity. Origanum onites oil affected hepatoma G2 cell line (Hep G2) in a dosedepending manner (37) . The same was observed for carvacrol alone, which also inhibited proliferation of human uterine carcinoma cells (HeLa) (38) . This effect on cell viability is due to induction of cytosolic Ca 2+ increase as well as ROS-and caspase-3associated apoptosis (39) .
EO.TT, which was more active in the cytotoxic assay, contained 10 times more γ-terpinene than EO.TM. Anticancer activity of this terpene was also confirmed in many studies. It is one of the main ingredients of the EO from Tunisian Nigella sativa seeds that significantly inhibit the growth of human lung carcinoma (A549) and colon adenocarcinoma (DLD-1) cell lines (40) . Its IC 50 values are 43.0 and 46.0 µg/mL, respectively. Similarly, EO from the leaves of Eucalyptus benthamii contains γ-terpinene as one of the major constituents. In the cytotoxicity assay, EO obtained from adult leaves exhibited sig-nificant activity towards T leukemia (Jurkat) and cervical cancer (HeLa) cell lines with IC 50 values of 36.6 and 101.9 µg/mL (41) .
As compared with ten EOs from such plants as Mentha spicata, Zingiber officinale, Citrus limon, Jasminum grandiflora, Matricaria chamomilla, Cinnamomum zeylanicum, and Rosa damascena, those isolated from T. vulgaris showed the strongest cytotoxic effect towards human prostate carcinoma (PC-3), human lung carcinoma (A549) and human breast cancer (MCF-7) cell lines (42) . Furthermore, the EO from Thymus broussonettii, containing also carvacrol as the major component, was cytotoxic towards human ovarian adenocarcinoma (IGR-OV1) cell line and the cells resistant to adriamycin, vincristine and cisplatin. In addition, this EO injected into a mastocytoma tumor in mice significantly inhibited its growth and delayed the miceís mortality (43) .
Increasing chemoresistance and side effects of current anticancer drugs exacerbate the need for alternative sources of biologically active compounds that may become effective anticancer agents. Essential oils seem to be a promising research direction. Even if this type of preparations cannot possibly replace standard chemotherapy and radiotherapy, they may be useful in auxiliary therapy aimed at limiting the risk of side effects. They may also provide a synergistic anticancer effect, as shown for a combination of 5-fluorouracil and geraniol in human colonic carcinoma (Caco-2) (44). In conclusion, chemical analysis of the Thymus vulgaris essential oils revealed that material harvested in two different regions of Algeria (Tlemcen and Mostaganem) slightly differ in chemical composition and biological activity. The main ingredient in both investigated essential oils was carvacrol. In the antimicrobial assay, the most sensitive bacterial strain was Bacillus cereus while Candida albicans was the most sensitive fungal strain. In addition, both essential oils showed the strongest cytotoxic activity toward cancer than normal cell lines. Essential oil isolated from Thymus vulgaris from Tlemcen was more effective in the cytotoxic assay which was expressed as lower values of the IC 50 . 
